The concentration of total neopterin in serum and cerebrospinal fluid (CSF) was measured in cases of febrile convulsion, aseptic meningitis and influenza encephalopathy. In febrile convulsion except for exanthem subitum, the concentrations of CSF neopterin (26 ± 11, Mean±SD, n=6) were all within normal range while those of serum neopterin (66 ± 20, n=8) were significantly higher (p < 0.05). In aseptic meningitis, on the other hand, the concentrations of CSF neopterin ( 194± 130, n=13 ) were significantly higher than those of serum (33±23, n=11, p < 0.05). In influenza encephalopathy, both concentrations of serum neopterin (329±478, n=13) and CSF neopterin(179±131, n=11) were much higher than the control range. Our results indicate that the primary immunoreacting site is the central nervous system ( CNS) for aseptic meningitis, the periphery for febrile convulsion except for exanthem subitum and both the periphery and the CNS for influenza encephalopathy. Measurements of neopterin concentrations in CSF as well as in serum may thus constitute an immediate aid for early differentiation of CNS infection from peripheral infection as well as for early detection of viral encephalopathy caused by viruses such as the influenza virus or the human herpes virus 6.
Introduction
There are three virus-associated diseases of the central nervous system (CNS), namely meningitis, encephalitis and encephalopathy. Pleocytosis in cerebrospinal fluid (CSF ) is observed in both meningitis and encephalitis, but not in encephalo- § Author to whom correspondence should be addressed . *Parts of the work were presented at the 5th Meeting o f Cytokine and Neopterin held on July 18, 1998, in N agoya, Japan.
pathy. Encephalopathy is caused by various viruses and characterized by neurological symptoms such as consciousness disturbance and convulsive status. I t is often accompanied by severe sequelae or even death (1) (2) . On the other hand, febrile convulsion does not appear to produce a severe immune reaction in the CNS, so that no sequelae occur (3). However, it is sometimes difficult in the early stages to differentiate between encephalopathy and complicated febrile convulsion, partly because neither produces pleocytosis in the CSF. Therefore, an acute immunomarker would be desirable for differentiation.
To determine the diagnostic potential of neopterin in virus-associated CNS diseases, we measured the concentrations of serum and CSF neopterin in febrile convulsion, aseptic meningitis and influenza encephalopathy. We also examined the potential of neopterin as an acute Immunomarker for differentiating peripheral infection from CNS infection and for helping diagnose encephalopa thy.
Subjects and Methods
A total of 39 CSF and 32 serum samples were collected from patients with febrile convulsion, aseptic meningitis and influenza encephalopathy . phase serum in five patients (influenza AH3 in 3 and influenza B In 2) and only by clinical assessment in the remaining 7 patients. Children aged between 7 months and 12 years were included in this study while admitted to the emergency unit of the Department of Pediatrics of Osaka City General Hospital during April 1996-March 1998. All samples were collected in a tube including 10 mg of ascorbic acid and protected from light and frozen at -40"C shortly after collection .
Samples were analyzed by a modified method described by Fukushima and Nixon (4) using HPLC on an ODS column with fluorimetric detection. 0.1 ml of a sample was mixed with the same amount of iodine solution ( 1%1 2 , 2 %KI in 30% trichloroacetic acid ). After standing for 1 hour, the mixture was centrifuged. The supernatant was added together with an ascorbic acid to reduce the excess iodine and filtered through a 0.45 !-lm filter (Millipore). The filtrate was directly subjected to HPLC(Class-LCI0: Shimadzu Corp. Kyoto, Japan, Whatman ODS column). The conditions of HPLC analysis were as follows . Separation was achieved by using a 1 % methanol in water solution. A fluorometer (RFI0AXL: Shimadzu Corp.) was used with an excitation wave length set at 350 nm and an emission at 450 nm. Figure 1 shows serum and CSF neopterin concentrations in febrile convulsion, aseptic meningitis and influenza encephalopathy. In febrile convulsion, the concentrations of serum neopterin were not significantly higher than those in CSF. However, when samples of exanthem subitum were excluded from those of febrile convulsion, the serum neopterin concentrations (66± 20, n=8) were significantly higher than CSF concentrations (26±1l, n=6, p<0.05). The latter were all within normal range. In aseptic meningitis, the concentrations of CSF neopterin were significantly higher than those of serum neopterin (p < 0.05), while the latter in aseptic meningitis were almost within normal range. In influenza encephalopathy, both serum and CSF neopterin concentrations were much higher than the control range. The serum neopterin concentrations in two deaths caused by influenza encephalopathy were 510 nmoljl and 1638 nmoljl.
Results

Discussion
The source of CSF neopterin is not clear. However, most CSF neopterin is thought to stem from intrathecal production SInce pterins are characterized by low permeability through the blood-brain barrier (5, 6 ) and only about 2-3% of CSF neopterin has been calculated to stem from the periphery (6) . On the basis of this finding, serum and CSF neopterin concentrations have been reported to represent a diagnostic indicator for differentiating CNS infection from peripheral infection (7).
Many studies have found that high neopterin concentrations 1ll the CSF imply active immunoreactions in the CNS (5-9). Our results indicated that two patients with febrile convulsion during exanthem subitum (roseola infantum) had higher CSF neopterin concentrations than normal. Exanthem subitum is thought to be a self-limited disease caused by the human herpes virus 6. However, considering the fact that human herpes virus 6 sometimes leads to severe encephalopathy (10) (11) (12) , high CSF neopterin concentrations during exanthem subitum may suggest an active immunological reaction in the CNS. As Figure 1 shows, the pattern of serum to CSF neopterin ratios was opposite for aseptic meningitis and febrile convulsion except for exanthem subitum. Our results for aseptic meningitis suggest that the primary immunoreacting site of the Viruses causing aseptic meningitis is not in the periphery but in the CNS. On the other hand, febrile convulsion except for exanthem subitum seems to cause only minor immunoreactions III CNS, suggesting a peripheral infcxtion.
The influenza virus is also known as a major cause of viral encephalopathy ( 1 ). Our results showed high neoperin concentrations both in serum and CSF for influenza encephalopathy. This finding suggests that strong immunoreaction occurs both in the periphery and in the CNS. Considering that no pleocytosis was observed in influenza encephalopathy, the increase in CSF neopterin concentrations is an important finding for detecting encephalopathy. We therefore believe that neopterin could be a diagnostic marker for early detection of influenza encephalopathy. It is unclear, however, whether the severe neurological symptoms observed in influenza encephalopathy are caused by direct invasion of the influenza virus to the CNS. The mechanism of influenza encephalopathy needs to be clarified In future.
Many infants with high fever and taken to hospitals exhibit neurological symptoms such as convulsion and consciousness disturbance. However, when brain CT and CSF cell counts are normal, no immediate marker is available for these cases, because immunomarkers such as cytokines take a long time to produce results. Therefore, an early marker for encephalopathy would be desirable, because early detection of encephalopathy plays an important role in the success of therapy. In terms of time, our HPLC method for neopterin measurement is advantageous' because it takes only about 1 hour from' the collection of samples to obtain results. Rapid HPLC measurements of neopterin concentrations in CSF as well as in serum may thus constitute an immediate aid for early detection of viral encephalopathy caused by viruses such as influenza virus or human herpes virus 6.
